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Abstract 
This article considers development and research issues of creating impervious screens with enhanced reliability for irrigation 
canals, ponds and reservoirs using geo-composite materials (geomembranes, bentonite mats and other). In this connection, the 
authors conducted the present research and impervious screens that provide a high impervious effect and a long service life were 
developed. Also, the process of water permeability of probable damage inlets in the geocomposite screen was conducted in the 
form of small holes using Comsol Multiphysics software package. A hydro-mechanical method based on the conformal mappings 
method was used to find an analytical solution for the problems. Dependences were obtained to estimate the permeability of the 
geocomposite screens design for plausible accidental damages: seepage losses per unit damage and the average filter coefficients, 
given the size of the damage and the frequency of distribution. Based on the calculations, using the derived formulas, a graph was 
drafted, summarizing the degree of permeability of the geocomposite screens, based on which the rational field of their 
application was determined and the requirements for impermeability indices were set. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Since the mid-twentieth century till date, the negative impact on the environment, particularly on groundwater of 
various waste fills (reservoir-ponds, sludge storage tanks, tailings and other) as well as reclamation system canals, 
carried out in earthen channels, has remained a matter of concern. Waste storage is a dangerous source of 
environmental pollution. Especially those that are not equipped with impervious screens and operated without 
proper isolation using an inert material. 
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2. Relevance 
Over the past 60 years in the field of hydraulic engineering one of the main problems is the large loss of water 
due to the low technical level and high incidence of wear on irrigation networks, reaching an overall value of 4,8 
km3/year for Russia. 80-90 % of these losses are due to seepage from irrigation networks. 
To combat seepage a variety of methods were used to decrease permeability: mudding, gleying, tar covering, 
sealing, clay screens, concrete and asphalt covering, film coatings and others. However, despite the use of these 
methods and impervious screens, loss of water through seepage along the beds of these channels and reservoirs is 
still significant. So, presently, the efficiency coefficient of irrigation canals is 0,75-0,80, which indicates losses only 
along the main conveying and distribution network of 20-25 %. 
To improve the impervious efficiency and the service life of the impervious screen designs of reservoirs and 
irrigation canals, it is important to study the use of modern construction materials, in particular, geocomposites, 
classified as geosynthetic materials. 
Impervious screens of film materials of thickness 0,2-0,4 mm were studied in the second half of the XX century 
by the Russian scientists, I.E. Krichevsky, V.D. Glebov [1], Y.M. Kosichenko [2], V.V. Sokolskaya, I.M. Elshin and 
others [3]. They made a significant contribution to the scientific substantiation of their widespread use. At the same 
time, research works were conducted on the use of more reliable coating with polymer membranes 1.0-2.0 mm thick 
abroad (A.Ɇ. Scuero, B.L. Vaschetti, R.T. Chuch, C.E. Staff and others [4-7]). Such geomembrane coatings started 
being used in Russia by the end of the XX century thanks to the studies of O.I. Gladshtein [8], S.V. Solsky [9],   
B.G. Radchenko [10], A.V. Ishenko [11] and others [12]. However, studies on the use of geocomposite materials for 
the purpose of making surfaces impervious, were limited both in Russia and abroad. 
At the same time, geocomposite materials, a combination of geomembranes with geotextiles, geogrids, 
geotissues, are actually the ones to allow us to create new impervious screens with enhanced reliability due to the 
use extra pads of geotextile as the main impervious element for protective effect, ensuring a reduction in their ability 
to get damaged and hence decreases their permeability 5-10 times. 
3. Formulation of the problem 
The purpose of this study is to research and develop impervious screens with enhanced reliability for canals, 
ponds and reservoirs by using innovative geocomposite materials. Such materials include geocomposites that 
combine geomembranes, geotextiles, geogrids, bentonite mats, which in various combinations can create an 
impervious structure that virtually eliminates losses through seepage. 
In order to evaluate the impermeability of various screen designs, it is reasonable to conduct simulations using 
mathematical or physical models for permeability through probable damages in the screen. 
Recently, apart from the above-mentioned so-called single-composite geosynthetic materials, consisting of 
selected materials, such as geomembranes, geotextiles and others, double and triple-composite materials have started 
being used, linked at the factory in a single composition, which was named «geocomposites» [13]. These 
geocomposite materials open the opportunity to develop new impervious screen designs. In this regard, the authors 
present new screen designs with enhanced reliability based on various geocomposites (Fig. 1). 
 
Fig. 1. Geocomposite impervious screen designs: (a) with geomembrane and geotextile; (b) with geomembrane and bentonite: 1 – polymer 
geomembrane; 2 – woven geotextile; 3 - nonwoven geotextile; 4 – natural clay base; 5 – protective layer; 6 – bentonite 
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The geocomposite screen structure (Fig 1, ɚ) includes impervious elements from polymer geomembranes of 
thickness 1-2mm and two (or one) pads made of geotextile of type «Dornit», with density 450-900 /m2. To eliminate 
mechanical damage in the geomembrane and increase outflow capacity of the irrigation canals, a polymer was 
inserted as a surface hardener on the woven geotextile. 
This design provides a high impervious effect and long service life due to the use of a highly effective triple-
composite material including an impervious element and two protective pads of geotextile. 
The geocomposite screen design including a geomembrane and bentonite (Fig. 1, b) is a coating consisting of a 
high-strength polymer geomembrane which is stacked on a layer of Na-bentonite 0.02m thick (as per the utility model 
patent of the Russian Federation) [14]. In turn, the Na-bentonite is applied to a non-woven geotextile to avoid it getting 
washed off in the further natural clay base. A protective coating of riprap is applied over the polymer geomembrane. 
This design ensures complete water resistance through the use of polymeric geomembranes and Na-bentonite. If 
the polymer geomembrane is damaged and water seeps through the damage, water interacts with the Na-bentonite 
and a waterproof screen is created. 
4. Theoretical part 
In order to evaluate the effectiveness of the geocomposite screens their permeability is simulated for possible 
damage to the screen on computer and theoretical simulators. 
The software «Comsol Multiphysics» was used to simulate the process of water leakage through possible 
damages in the geocomposite screen in the form of tiny fissures. The limits of the model were specified using 
«Mathcad». Model shattered into many finite elements triangular in shape with a number of elements of 104 to 106. 
The spatial axially symmetric leakage through a small fissure in the geocomposite screen is shown in figure 2, a, 
where a dome-shaped eruptive flow is formed under the screen and in figure 2, b, a hydrodynamic grid is shown. 
The theoretical simulation models take into account the scheme, similar to figure 2, a. For the analytical solution 
a hydromechanical method was used based on the method of conformal mappings. 
 
Fig. 2. Simulation of the process of water seepage through the geocomposite impervious screen: (a) seepage through a small fissure in the 
geocomposite; (b) simulation of the hydrodynamic grid on the two-dimensional plane model 
As a result of using p-analytic functions of the complex variable to solve theoretical permeability problems in 
axisymmetric methods of filtration theory, a dependence was obtained between seepage loss rate per fissure in the 
following general form: where [15]: 
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From the general equation (1) the approximate formulas can be obtained, which, after some transformations, and 
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where 1 2k kV  ; 1k  – seepage coefficient of the protective layer; ɤH  – height of capillary vacuum of the soil 
base; 1h  – hydraulic head in the screen aperture. 
The main characteristic of the screen permeability is its conditional (averaged) seepage coefficient based on the 
total amount of damage n for an area ɨF . 
From equations (2) and (3) taking into account the introduction of the other characteristics of damage to the 
screen frequency distribution of damages ɨ ɨv n F  we find design formulas for the average seepage coefficient: 
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where 1h  – hydraulic head in the aperture is defined by the formula (4). 
5. The research results 
In order to evaluate the effectiveness of water-resistance of the geocomposite screen, the permeability of the 
geocomposite screen is estimated (average seepage coefficient, 'k c ) according to formula (6) for 0 5,0h   m, 
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0 0,5G   m, 
3
1 2 10k k
   cm/c depending on the change in radius of the aperture and the number of damages, the 
results of which are shown in table 1. 
Table 1. The results of calculating the average seepage coefficient of the geocomposite screen. 
Radius of the 
aperture in the 
screen 0r , m 
Average seepage coefficient of the screen 'k c , cm/s for a frequency of damage ɨ ɨv n F , 1/m2 
41 10  45 10  31 10  21 10  
0,005 100,5 10  90, 2 10  90,5 10  80,6 10  
0,010 101 10  90, 49 10  91 10  70,15 10  
0,015 90,15 10  90,75 10  80, 2 10  70, 25 10  
0,020 90,3 10  80,13 10  80,3 10  70,35 10  
0,025 90, 4 10  80, 2 10  80, 4 10  70, 42 10  
0,030 90, 45 10  80, 25 10  80, 48 10  70, 45 10  
 
Based on the calculations a graph was plotted for permeability changes (according to seepage coefficient) of the 
geocomposite screen from 0r  and 0 0/n FX  , as shown in figure 3. 
 
 
Fig. 3. Graph of the permeability level of the geocomposite screens 
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Analysis of the data indicates that the permeability of the geocomposite screen is directly proportional to an 
increase in damage size and number of damage. Figure 3 shows three zones with permitted average values for the 
seepage coefficients in accordance with the recommended values of the waterproofing indicator of the 
geomembranes and geocomposites in the work of the authors [16] within 8 10per 10 10k
   cm/s. According to fig. 3 
the following zones are proposed: I – area with permissible values 10per 10k
d  cm/s for geocomposite materials 
made of geomembranes and two layers of geotextile; II í area with permissible values 9 10per0,75 10 10k
  t !  cm/s 
for geocomposite materials made of geomembranes and one layer of geotextile; III – area with permissible values 
8 9
per1 10 0,75 10k
  t !   cm/s for geomembranes. 
Thus, the division of the graph into three zones allows to select the rational areas of use for the geocomposite 
screens according to their permeability. Isolating these zones is also reasonable from the standpoint of geocomposite 
screen damage by using protective pads on top and under the non-woven geotextile geomembrane, such as «Dornit» 
with a density of 450-900 g/m2, which makes them less prone to damage up to 4-10 times. 
The geocomposite screen design (fig. 1, b) using bentonite, is completely different as if damaged, it seals itself. 
6. Practical significance 
The practical significance of the research is to establish a new class of applications of geosynthetics – 
geocomposites for impervious screens of various hydraulic structures with rational allocation of fields of application 
according to water resistance. 
7. Suggestions for implementation 
In order to implement the proposed impervious screens designs, the authors have developed recommendations for 
the use of geosynthetics, including geocomposite materials for the screens of canals, ponds and reservoirs [17]. 
These recommendations will be implemented during the reconstruction of the main channel of the Don on the site 
PC 1030-1050 with an expected economic benefit of 5.4 million rubles. 
8. Conclusion 
1. Due to the large water losses in canals and reservoirs, as well as to avoid groundwater contamination upon 
seepage from reservoirs, the application of these new and innovative materials to protect from seepage, such 
as geocomposite, which belong to the class of geosynthetics provides good prospects. 
2. Geocomposite materials allows the creation of almost impermeable impervious screen designs with 
impermeability indices of 8 10per 10 10k
   cm/s. 
3. An estimate of the dependencies for the evaluation of the permeability of the impervious screen designs was 
obtained for possible damages: seepage losses per unit damage and average seepage coefficient depending on 
the size and number of damages. 
4. Based on the calculations made with the formulas obtained, a graph was plotted for the impermeability level 
of the geocomposite screens for which rational areas of use were defined and the requirements in accordance 
to the impermeability indices perk . 
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